Changing the inhibitory specificity and function of the proteinase inhibitor eglin c by site-directed mutagenesis: functional and structural investigation.
Amino acids in the serine proteinase inhibitor eglin c important for its inhibitory specificity and activity have been investigated by site-directed mutagenesis. The specificity of eglin c could be changed from elastase to trypsin inhibition by the point mutation Leu45----Arg (L45R) in position P1 [nomenclature according to Schechter and Berger (1967) Biochem. Biophys. Res. Commun. 27, 157-162]. Model building studies based on the crystal structure of mutant L45R [Heinz et al. (1991) J. Mol. Biol. 217, 353-371] were used to rationalize this specificity change. Surprisingly, the double mutant L45R/D46S was found to be a substrate of trypsin and various other serine proteinases. Multidimensional NMR studies show that wild-type eglin c and the double mutant have virtually identical conformations. In the double mutant L45R/D46S, however, the N-H bond vector of the scissile peptide bond shows a much higher mobility, indicating that the internal rigidity of the binding loop is significantly weakened due to the loss or destabilization of the internal hydrogen bond of the P1' residue. Mutant T44P was constructed to examine the role of a proline in position P2, which is frequently found in serine proteinase inhibitors [Laskowski and Kato (1980) Annu. Rev. Biochem. 49, 593-626]. The mutant remains a potent elastase inhibitor but no longer inhibits subtilisin, which could be explained by model building. Both Arg51 and Arg53, located in the core of the molecule and participating in the hydrogen bonding network with residues in the binding loop to maintain rigidity around the scissile bond, were individually replaced with the shorter but equally charged amino acid lysine. Both mutants showed a decrease in their inhibitory potential. The crystal structure of mutant R53K revealed the loss of two hydrogen bonds between the core and the binding loop of the inhibitor, which are partially restored by a solvent molecule, leading to a decrease in inhibition of elastase by 2 orders of magnitude.